Objective: To propose a permutation-based approach of anchor item detection and evaluate differential item functioning (DIF) related to language of administration (English vs. Spanish) for 9 questions assessing patients' perceptions of their providers from the Consumer Assessment of Healthcare Providers and Systems (CAHPS) Medicare 2.0 survey.
C onsumer assessment surveys are used widely by health plans, health care providers, purchasers, and policymakers for quality assessment and improvement, and by consumers to choose the most appropriate health professionals, group practices, and health plans suitable to their needs. 1 The Consumer Assessments of Healthcare Providers and Systems (CAHPS) surveys have been widely used to measure consumer's experiences with providers and to study health disparities among racial-ethnic groups in the United States. 2 For example, Weech-Maldonado et al 3 found that those patients who speak a language other than English at home report less timely care and less adequate staff helpfulness than other patients. This could mean that there are disparities in care between patients who speak English fluently and those who do not. However, these 2 groups may differ in their interpretation of the survey questions or in their proclivities to respond to survey questions. With cultural and linguistic minority groups steadily increasing in the United States, understanding cultural and linguistic differences in responding to surveys among subgroups of the population can ensure the accuracy of inferences made about disparities between them.
Hispanics constitute the largest and fastest growing ethnic minority group in the United States, making up to 12% of the population and they are expected to double in size to 24% of the US population by the year 2050. 4 Data from the 2007 American Community Survey 5 show that Spanish was the primary language spoken at home for more than 34.5 million people, of whom almost half are limited in their English proficiency. National surveys that include geographic areas with a large proportion of Spanish-speakers routinely provide survey questions in both English and Spanish. As the demand for Spanish surveys continues to grow, it will be necessary to ensure that Spanish versions of instruments are culturally appropriate and psychometrically equivalent to their English versions.
Differential item functioning (DIF) occurs when there are group-mediated differences in the response patterns to survey questions (items) even when the individuals in the different groups are equivalent on the measured construct. 6 For example, DIF occurs when one group (eg, Spanish speakers) receives different scores as compared with another group (eg, English speakers), despite having equal standing on the underlying construct of interest (eg, health care access perception). There are many different possible causes for DIF including poor translations and lack of semantic or conceptual equivalence. Identifying DIF between cultural and linguistic subgroups in CAHPS surveys is important because the outcomes should reflect unbiased differences in experiences with health care providers, and not reflect differences due to other factors such as age, gender, language spoken, or cultural differences.
Few studies have evaluated the psychometric equivalence of CAHPS items in different subgroups. Marshall et al 7 used confirmatory factor analysis (CFA) to show similarity in the underlying factors in the CAHPS 1.0 survey between Latinos and non-Latinos with Medicaid or commercial insurance. Bann et al 8 found DIF in some items between Englishand Spanish-speaking fee-for-service beneficiaries on the CAHPS 2.0 Medicare survey, using item response theory (IRT). In this study, we evaluated the equivalence of English and Spanish versions of the CAHPS 2.0 Medicare Survey using a new semiparametric permutation test to identify anchor items in combination with an IRT-based method for DIF detection.
METHODS

Data Sources
The Center for Medicare and Medicaid Services collects information on experiences with health plans from Medicare beneficiaries who are at least 18 years old, living in the United States or Puerto Rico, and enrolled in managed care organizations each year. 9 In 2002, 600 members from each of 321 participating Medicare managed care plans 10 were sent a CAHPS 2.0 Medicare survey in the language of their choice (English or Spanish). A total of 184,782 participants completed the survey (82% response rate), with 84% completed by mail and the rest by telephone. The CAHPS surveys were designed for both English and Spanish, with focus groups and cognitive interviews conducted in both languages to maximize conceptual language equivalence. 11 The readability of the CAHPS surveys is estimated to be seventh grade level for both languages. 12 Participants A total of 10,078 Hispanic CAHPS survey respondents completed the survey, with 8496 completing in English and 1582 in Spanish. Hispanic Spanish responders tended to be younger and less educated than the Hispanic English survey responders. As such, if this full sample of 10,078 Hispanic participants was analyzed, any observed language DIF might possibly be attributed to age or education differences between the 2 language groups. To control for any possibility of confounding factors that can affect causal inferences about item functioning, 13 we were able to identically match 703 Spanish-speaking Hispanic survey responders to Englishspeaking Hispanic responders on self-rated overall health, age, gender, and education distribution. Therefore, this study is limited to the 1406 Hispanic participants in CAHPS (48% by mail and 52% by phone), composed of identical/similar group of 703 Spanish-and 703 English-speaking responders.
Measures
The CAHPS 2.0 core health plan survey used in this study includes 9 questions asking for reports about specific experiences with doctors' offices (Table, Supplemental Digital Content 1, online only, available at: http://links.lww. com/MLR/A160 which describes the CAHPS items studied). These items represent the following 4 of the CAHPS composites: getting care quickly/timeliness, provider communication, office staff helpfulness, and getting needed care. The items were analyzed using a 3 ordered-category response scale, a big problem, a small problem, not a problem for the getting needed care item and never/sometimes, usually, always for all the other items.
Analysis Plan
We used an exact paired matching method based on ethnicity, age, self-rated overall health, gender, and education to match Hispanics who completed the survey in English to the 703 Hispanic participants who completed the survey in Spanish. w 2 statistics were used to compare the sample used in the study with the nonmatched group dropped. To determine the presence of DIF in the CAHPS evaluations of providers, responses from Spanish and English speakers were compared using IRT.
We evaluated the extent to which the 9 CAHPS items had sufficient unidimensionality for IRT analyses, 14 using CFA methods described elsewhere. 15, 16 Samejima's graded response model 17 (Text, Supplemental Digital Content 2, online only, available at: http://links.lww.com/MLR/A161 which describes the models and additional definitions) was used to estimate 2 types of parameters for each item. The slope or discriminating parameter measures the degree to which an item is related to the latent construct and how quickly the probability of endorsing a response option increases with increasing "trait level," while the location parameter estimates the level on the underlying scale to have a 50% probability of endorsing a particular item response option. The underlying scale can be envisioned as a summary score, where higher values are reflective of more positive experiences with care. Bias or DIF occurs when Spanish and English speakers have different location parameters (uniform DIF) or different slope parameters (nonuniform DIF) indicative of the relationship between an item and the latent construct being stronger in one language group than the other. 18 DIF analysis requires the identification of anchor items for which the groups perform similarly and that will allow responses from the 2 groups to be linked in a way that parameters can be estimated in a common metric. 19 Multiple methods have been proposed for the selection of anchor items, 20,21 but the "purification" model-based likelihood ratio test method is commonly used. 18 The likelihood-based approach compares 2 models, one constraining the item of interest's parameters to be equal across the 2 groups and the other estimating those parameters separately for the 2 groups, under the assumption that "all other items are DIFfree." A significant likelihood w 2 statistic is then used as an indication of potential DIF, 22 and the procedure repeated with potential DIF items dropped. 23 Woods 24 proposed a rank-based approach applicable to any method of DIF testing for the empirical improvement of anchor items selection. The importance of anchor items detection has been previously discussed 25 and is not trivial when there is a large amount of DIF in the items of interest. Zenisky et al 26 found that when at least 30% of items have DIF, lack of identification of anchor items can result in a substantial change in items that are detected as having DIF. Finch 27 noted that contamination of anchor items was an important limitation, particularly for the likelihood ratio-based approach, a finding echoed by Finch and French 28 in a simulation study. Wang 29 inferred that these limitations arise when the number of items with DIF increases because the assumption of "all other items are DIF-free" in the purification procedure will be incorrect in some cases. Shih and Wang 30 on the other hand reported that purification can result in a nearly perfect rate in selecting up to 4 DIF-free items. In this article, we propose a new iterative method for the identification of anchor items based on semiparametric permutation tests.
In anchor item selection procedures, a significance test evaluates whether the difference between the 2 models posited (parameter constraint vs. no parameter constraint) could reasonably occur "just by chance" in a selection of a random sample. If such evidence is not found, an inference can be made about the observed difference being present in the population. The sampling distribution of the difference between parameters in a DIF-free environment can be used to evaluate whether the observed difference is likely to have only occurred by chance. Our proposed permutation test follows 3 steps: 1. First, for each item, fit the 2 models (constrained vs. not constrained) under the assumption that "all other items are DIF-free" and then estimate the difference between the parameters obtained from both models, a statistic that represents the model difference (S data ).
Second, randomly assign survey responders to pseudo
Spanish or English groups (ie, permutation). This will be the ideal case scenario where there is no differential functioning of the items by language. With this new assignment of responders to the 2 groups, models in Step 1 are then fitted again and the model difference will now be referred to as S k , where (k) indicates the permutated sample. The random assignment to group or permutation will be done P times (say P = 1000), and the empirical distribution of the difference statistic obtained by S 1 , S 2 , y, S P , will represent what the distribution of the statistic would have been, if there were no DIF in the item between the groups of interest. 3. In a third step, using the permutation empirical distribution S 1 , S 2 , y, S P , a 2-sided test statistic is obtained and a P value more than 0.05 was used to infer that the item does not have DIF and can be considered a potential anchor item.
After all potential anchor items are identified, the above procedure is repeated using only the potential anchor items until no additional item with DIF is observed. The final "DIF-free" items obtained are used as anchor items in the DIF analysis.
To test for DIF in the nonanchor items, we used the likelihood-based approach, but the identified anchor items are used as the only anchors and remain the same throughout the tests. To adjust for multiple comparisons, the Benjamini-Hochberg procedure 31 was used. The permutations were done using SAS version 9.1 and all the other analyses were conducted using MULTILOG 7 32 and Item Response Theory Likelihood-Ratio tests for Differential Item Functioning (IRTLRDIF). 22 Results from the permutation method were qualitatively contrasted with IRTLRDIF estimates. 
RESULTS
Sample Description
Items Description and Dimensionality
The means and standard deviations of the 9 CAHPS items and the total score (averaged over items), as well as a brief description of the items, are displayed in Table 2 . The observed total scores had an average score of 2.49 in the Spanish group, statistically smaller than the 2.54 average in the English group. For all items except items 2 and 9, the English group reported more positive experiences.
An exploratory factor analysis conducted in Mplus16 showed a first eigenvalue that was 5.2 and a second of 0.90, providing support for unidimensionality for the items. Within the language groups, internal consistency reliability (alpha) was 0.85 for English speakers and 0.83 for Spanish speakers. CFAs using weighted least square mean and variance adjusted also supports unidimensionality ( Table 2) : comparative fit index (>0.98), Tucker-Lewis Index (>0.99), and residual correlations (<0.07).
Identification of Anchor and Study Items
Using Step 1 described above on item 1, the discrimination parameter was 1.34 from the constrained model, and 1.37 and 1.29 (ie, difference of 0.08) for Spanish and English, respectively, from the unconstrained model (Table, Supplemental Digital Content 3, online only, available at: http://links.lww.com/MLR/A162 which reported all parameter estimates). Across all the items, the magnitude of the difference in the discrimination parameter varied from 0.02 to 0.83. For the first and second location parameters, the difference varied from 0.01 to 1.50 and from 0.03 to 2.33, respectively. Results of the permutation tests described in step 3 (tests of the likelihood of the differences described above observed just by chance) are reported in Table 3 (also see Figure, On the first round of anchor item detection, items 1, 3, 4, 7, and 8 showed no significant DIF in parameters (columns 2 to 4); on the second round, item 3 was also found to potentially have DIF. When this procedure was conducted again (round 3), none of the remaining items (1, 4, 7, and 8) showed DIF. Therefore, these 4 items were retained as anchor items and the remaining 5 items (2, 3, 5, 6, and 9) were evaluated for DIF. DIF Analysis Among Items 2, 3, 5, 6, and 9
The last 3 columns of Table 4 list the likelihood ratio w 2 test statistics and significance for the DIF analyses. The omnibus tests indicated that only item 9 is DIF-free at a 0.05 significance level. After adjusting for multiple comparisons, one more item (item 3) can be considered DIF-free. CAHPS item 2 ("see provider within 15 min of an appointment"), item 5 ("provider respects your opinion"), and item 6 ("provider spent enough time with you") do not perform similarly for English and Spanish speakers. For these items, DIF is observed in only the location parameters.
The final parameter estimates and standard errors of all the items, with items 1, 4, 7, and 8 set as anchor items, are presented in columns 4 to 6 of Table 4 . The estimates for the items with identified DIF were generated allowing for uniform DIF by specifying separate location parameter estimates for the 2 language groups, while keeping the discrimination parameters the same between groups. For all other items, the parameter estimates for the 2 groups were constrained to be equal using MULTILOG. With the exception of low slopes values of 0.64 and 0.68, for items 2 and 9, respectively, the slopes of the remaining 7 items were all above 1.0, ranging from 1.35 to 3.31, indicating that most of the items have a strong relationship, with the patient evaluations of the provider construct being measured in these CAHPS survey items. Item 5 had the highest discrimination slope and, thus, was the most salient indicator of patients' experiences with providers.
As the CAHPS items are scored with 3 response categories, 1-3 a boundary response function (BRF), a plot which represents each item with 2 curves, one tracing the probability of scoring at or above 2 (ie, usually or always) and the other the probability of scoring 3 (ie, always), was used to display DIF (Fig. 1) . Inspection of the BRFs illustrates how the 2 language groups are not using the response categories in the same manner for the DIF items. For example, a Spanish speaker with an evaluation of provider score of À 1 on the IRT scale is expected to answer "usually or always" for item 2 about 47% of the time, whereas an English speaker with the same level of evaluation of care will likely give the same answer only 30% of the time. This is equivalent to an expected item score of 1.58 and 1.42 for the Spanish and English speakers, respectively, a difference equal to a standardized effect of size 0.20 at the construct level À 1 (Supplemental Digital Content 2, online only, available at: http://links.lww.com/MLR/A161 for the definition of effect size). Even at the average construct score of 0, these percentages are 62% and 45% for the Spanish and English speakers, respectively, or the same standardized effect of size 0.20. For item 6, at the average latent score of 0, the probability of selecting "always" goes from 39% for Spanish to 60% for English speakers or a standardized effect of size À 0.27. For this item, at the latent score of À 1, this effect size was really small at only 0.03. When it comes to item 5, the effect size was 0.09 and 0.22 at the latent scores of 0 and À 1, respectively. Figure 1D also shows the scale score plot, and the expected item score plots for the item with DIF are also presented in Supplemental Digital Content 5 (online only, available at: http://links.lww.com/MLR/ A164, a figure that shows the plots).
For qualitative comparison, using the standard IRTLR-DIF (Table, Supplemental Digital Content 6, online only, available at: http://links.lww.com/MLR/A165 which presents these results), item 9 was flagged as the sole anchor item and the DIF analysis itself revealed that only items 1 and 2 showed DIF. Because the permutation method identified more anchor items, it will possibly have higher power for detecting DIF. 29 
DISCUSSION
Our results indicate that the Spanish version of CAHPS is not entirely psychometrically equivalent to the English version. Using a semiparametric method, we found that all the items studied were equivalent in discrimination parameter, indicating that analogous items in the different languages are equally related to the construct of patient evaluations of providers. However, 3 of the 9 items displayed DIF in their location parameters, indicating that responses for these 3 items do not reflect the same degree of experience at the doctor's office for Spanish compared with English speakers.
The patterns in observed DIF were inconsistent. In item 2 (seeing a provider within 15 min of an appointment) and item 6 (provider spending enough time with responders), the pattern of the BRFs revealed that English speakers were more likely to endorse the extreme response options (ie, never/sometimes or always) than Spanish speakers with equal level on the construct. However, in item 5 (provider respecting what the patient says), Spanish speakers were more likely to endorse the higher end of the scale compared In the IRT graded response model used, a is the discrimination parameter and b 1 and b 2 are the item difficulty or location parameters.
IRT indicates item response theory. In columns 4 to 6, standard errors are in parenthesis and in columns 7 to 9, P values are in parenthesis. In the IRT graded response model used, a is the discrimination parameter and b 1 and b 2 are the item difficulty or location parameters.
DIF indicates differential item functioning; IRT, item response theory. with English speakers. These differences in response patterns to items 2, 6, and 5 may be culturally driven. Late and hurried doctors are normative in Latin American countries and respect (respeto) is a very important value in Hispanic cultures. Although Latino patients regard physicians as authority figures to be given respect, they also expect respect in return. 33 Spanish speakers are more tolerant of busy and late doctors than English speakers and therefore less likely to endorse extreme response options in items 2 and 6, but less tolerant of disrespect and therefore more likely to endorse the extremes in item 5.
As some studies have suggested that iterative purification method can be less effective at pure anchor detection, 34, 35 the same limitations will be applicable to the permutation method. But as demonstrated by Wang and Shih, 25 there is also evidence about the effectiveness of the iterative purification method. For the permutation method we used for the detection of anchor items, it is known to be sometimes conservative, 36 thus it will take more extreme test statistics to reject a null hypothesis, and the actual error rate is much less than the prescribed alpha level.
This study has limitations. The proposed permutation method yielded a larger number of anchor items than the IRTLR method, and identified only 1 item with DIF in common (item 2). It is not possible to evaluate the accuracy of these findings. A more comprehensive simulation study is needed for the evaluation of the performance of the new test. An additional limitation is that the study focused on Spanish speakers, and did not examine other fast-growing groups of native speakers. Also, the results of the sample characteristics comparison suggested that sample of Spanish speakers in CAHPS were different from the general population when it comes to education, health status, gender, and age. This means that the results of these language differences may only generalize to Hispanics, similar to the Spanish speakers from which our sample is drawn. Even among the population sampled, because CAHPS surveys are self-administered, lowliteracy plan members might have been excluded, 2 and a greater proportion of such persons might have been Spanishspeaking Hispanics.
In summary, with the rapidly growing population of Spanish speakers, Hispanic or not, making the ethnic makeup of the United States more complex, accurately translated patient surveys from English to Spanish are becoming a necessity. Equivalence in such translated instruments will allow researchers and policy makers to alleviate doubts about disparities in patients' experience with health care providers that are being observed, and that might be attributed to cultural difference in evaluating care received. The results of this study suggest that a few of the CAHPS items display location DIF by language, and the current practice of using these items for disparity inference without controlling for the survey language may result in biased conclusions 37 and thus should be changed. If modification of the translation of items with DIF is possible, it should be made to eliminate DIF in these items.
Although language was the only cultural characteristics we studied as source of DIF in the CAHPS survey items, such differences can also exist in the matching variables (self reported health status, age, gender, and education level) and similar analyses should be conducted on these potential sources of differences as well. Researchers are challenged to promote equivalence in measurements by using the technique employed in this study, to examine tools they have translated for use among diverse population groups.
